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Abstract 
This paper designed a DC/DC converter used in electric vehicles. The control strategy of phase shifted full-bridge 
was used. The dynamic model of DC/DC controller was analyzed by using small signal analysis method. The ZVS 
character and the power loss of the transformer were analyzed by simulation. Experimental results showed the 
validity of the model and the effectiveness of the method.  
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1. Introduction  
The bidirectional DC/DC has been widely used in electric vehicles[1][2], and the control mothed of 
DC/DC was gradually changing from hard switching control mode to soft switch control mode[3][4]. In 
recent years, the soft switching technology of bidirectional DC/DC converter has been developed, and a 
variety of soft switching topologies were proposed, such as resonant soft switching technology, quasi zero 
voltage switching PWM technology, passive buffer, active buffer and active clamp, etc.. The switching 
losses were reduced, which contributed to improve the operating frequency and reduce the volume of the 
converter [5][6] . 
Small signal analysis method was suitable for nonlinear system, By using the small signal analysis 
method, the nonlinear DC/DC converter was converted into a linear mathematical model, which is the 
basis of the closed-loop feedback control system[6]. 
2. Dynamic modeling of full-bridge DC/DC converter  
2.1. Dynamic model of buck mode 
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The main idea of the small signal perturbation method is to bring a low frequency small signal 
perturbation to one static operating point of the converter. When the perturbation is small enough, the 
converter can be treated  as a linear system around this static operating point. Assuming that the duty 
cycle d(t)=D, the input voltage v1(t) =V1 and a low frequency perturbation was applied on d(t) and v1(t), 
then 
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Each state variable and input current in the converter circuit would have a small change due to the 
small signal perturbation. Assuming  
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The low frequency signal component was much smaller than the direct current component, which 
satisfied the assumption of small signal method. Then the switching cycle average equation of inductor 
current could be shown as follows:  
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The direct current component and alternating current component on the either side of the formula (7) 
were respectively equal, so: 
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Because of the steady state, the direct current component of the inductor current was 0, and the neglect 
of the two order exchange in the alternating current component was available. 
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Then from the formulas above, we could get:  
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The steady direct current model of converter was consisted of formula (10), (12) and (14). And the 
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small signal alternating current model of the converter was consisted of formula (11), (13) and (15). The 
small signal alternating current model was a second-order dynamic model of the CCM mode converter 
circuit in time domain, which reflects the dynamic behavior of the converter in the static working point. 
The model was the basis of the closed-loop feedback control system. 
The alternating current model was transformed into the s domain, and the transfer function of the s 
domain was obtained 
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The s domain small signal alternating current model was described by the output voltage 2 ( )v s , input 
voltage 1( )v s  and the control signal ( )d s  
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When the input voltage perturbation 1( )v s was zero, the transfer function ( )vdG s from the control signal 
to output voltage in the CCM model was˖ 
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When the input voltage perturbation ( )d s was zero, the transfer function 1( )LiG s from the input voltage 
to output current in the CCM model was˖ 
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2.2. Dynamic model of buck mode 
Just like above, the transfer function from the control signal to the output current and the transfer 
function from input voltage to output current were as follows:  
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3. Simulation of the DC/DC converter 
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In this paper, the phase shifted full bridge ZVS control strategy used in Buck mode converter was 
established. When the voltage closed-loop control was adopted, the input voltage was 350V, the load 
resistance was 0.1 : , the resonant capacitor of the system was set to 3nF, and the resonant inductance 
was the primary leakage inductance of the transformer, the experiment results were as follows.  
 
Fig.1 ZVS of IGBT on leading-leg 
It showed in the Fig.1 that the terminal about the IGBT has been clamp at zero voltage before the super 
forearm power switch driving signal rises, namely the super forearm realized zero voltage turn-on when 
the resonant inductance was only the leakage inductance of the transformer. 
The power loss of the duty about the transformer primary side and secondary side voltage waveform 
was shown in Fig.2. There was obvious duty ratio loss of the transformer due to the existence of the 
resonant inductor. However, the original side voltage has a certain pressure drop due to the lack of energy 
in the resonant inductor. 
 
 
Fig.2 Transformer duty ratio loss condition 
4. Experiment  
4.1. The duty loss of transformer 
The transformer voltage waveform was shown in Fig.3. The experimental results show that transformer 
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duty cycle loss phenomenon was not very obvious. This was because the inductance of the inductor was 
very small, only 0.7uH, so the duty cycle of the loss of the phenomenon is not serious, the converter 
efficiency was not much. 
 
Fig.3 Transformer voltage waveforms 
4.2. The implementation of power switch ZVS with super forearm arm 
Experimental results of the zero voltage turn-on of the super forearm power switch were shown in Fig. 
4. Experimental results show that when the source drain voltage drops to zero voltage, the gate source 
voltage is started to rise from zero. This shows that the power switch of the super forearm was in zero 
voltage condition. The power switch of the switch was zero, that is, the zero voltage conduction is 
achieved by the super forearm.  
 
Fig.4 Source drain voltage and gate source voltage waveform of IGBT on leading-leg 
5. Conclusions 
In this paper, the dynamic model of DC/DC was analyzed by using small signal analysis method, and 
the results of simulation and test show that the ZVS state of DC/DC  converter was effective. 
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